Introduction
Based on a WHO Expert Consultation, the World Health Assembly recommends that infants should be exclusively breast-fed for about the first 6 months of life [1] . Additional foods or fluids are considered to be contraindicated, except in rare cases. Breast-feeding should be sustained until the child is at least 2 years old, with breast milk complemented by appropriate solid foods beginning at about 6 months of age [2] .
The WHO Expert Consultation found that, in most studies, infants exclusively breast-fed for 6 or more months have no observable deficits in growth. No benefits of starting complementary foods between 4 and 6 months have been demonstrated, with the exception of improved iron status in one developing country setting where hygienic, nutrient-rich complementary foods were introduced (Honduras) [3] . Thus, with the caveat that individual infants must still be managed individually, the report of the Consultation concluded, '… there are no apparent risks in recommending, as a general policy, exclusive breast-feeding for the first 6 months of life in both developing and developed country settings'.
The Expert Consultation, however, made a substantial number of important caveats due to the lack of data available. For example, concerning the duration of exclusive breast-feeding and growth faltering, it noted: 'the sample sizes were insufficient, however, to rule out an increased risk of growth faltering in some infants who are exclusively breast-fed for 6 months, especially in populations with severe maternal malnutrition and a high prevalence of intrauterine growth retardation'. Also, 'the available data are insufficient to exclude other potential risks associated with exclusive breast-feeding for 6 months, including growth faltering and other micronutrient deficiencies (in addition to iron), in some infants. In all circumstances, these risks must be weighed against the benefits provided by exclusive breast-feeding, especially the potential reduction in morbidity and mortality. ' The Consultation also raised the need to assess the volume and composition of breast milk from thin mothers (body mass index Ͻ18.5), and the proportion of infants with inadequate micronutrient status at 6 and 12 months. In general, there was little discussion about the effect of lactation on maternal micronutrient status, or the potential adverse effects of maternal micronutrient malnutrition on breast milk composition. In a review of the nutrient adequacy of exclusive breast-feeding that was prepared for the WHO Expert Consultation, Butte and Garza [4] concluded that infants might consume suboptimal amounts of vitamin A and/or vitamin B 6 from human milk when breast-fed by mothers in populations at risk of these nutrient deficiencies, but not all potential nutrient deficiencies were covered in their review.
It is evident that the recommendation that infants consume breast milk as their sole source of nutrients during the first 6, critical months of their life must be supported by actions to ensure, to the extent possible, that breast milk contains adequate amounts of nutrients for the infant. 'Adequate' in this context means that the milk should supply sufficient amounts of nutrients to prevent deficiencies, maintain normal stores, and support the optimal development of the infant. Nutrient depletion of the lactating mother must also be minimized.
The United States and Canada [5] , the United Kingdom [6] , and the Food and Agriculture Organization/World Health Organization (FAO/WHO) [7] base their recommended intakes for most nutrients during the early months of life on the amounts consumed by healthy infants fed by well-nourished lactating women. It is important to know the extent to which the breast milk of undernourished women in developing countries supplies these recommended amounts of nutrients. There is a remarkable dearth of information on this subject. Because of the lack of data on the prevalence of most nutrient deficiencies in infants, we must rely on the few studies that measured the levels of nutrients in milk secreted by undernourished women, and evaluate whether these amounts were adequate to prevent deficiency symptoms and suboptimal development.
Even if there is a reasonably high risk that the concentration of some nutrients in breast milk will be inadequate in some or many women, breast milk is still likely to be the best food for infants during the first 6 months of life. In situations where this risk is substantial, the mother and/or infant might benefit from a higher intake of micronutrients, in the form of supplements or fortified foods. In the absence of this additional supply of micronutrients, infant status and development may be at risk. This is an extremely important issue that has received very little attention relative to its implications.
Micronutrient Adequacy in Diets of Young Infants
The long-term effects of undernutrition during the first year of life are still being explored, but evidence is accumulating that these may be substantial.
Reasons Why Breast-Fed Infants May Not Be Adequately Nourished
There are several situations that put breast-fed infants at risk of receiving inadequate amounts of micronutrients: (1) the concentration of some micronutrients in breast milk may be below average if the lactating woman is deficient in these micronutrients, and/or currently consuming inadequate amounts in her diet; (2) for some nutrients, even infants exclusively breastfed by well-nourished women may not obtain sufficient amounts in breast milk to maintain body stores (notably iron and zinc, and possibly vitamin B 6 after age 6 months); (3) an infant's stores of some nutrients will be low at birth if the mother was depleted or had a low intake of these nutrients during pregnancy, and/or if the infant was born preterm or had a low birth weight, and (4) even if partial breast-feeding continues, the early introduction of complementary foods is likely to increase the risk of some nutrient deficiencies in the infant; complementary foods typically fed to young infants in developing countries usually have a lower micronutrient density than the breast milk that is displaced.
Goals of the Current Review
The first goal of this review is to summarize which micronutrients are most likely to be low in the breast milk of undernourished women, and consequently inadequate to support the nutrient requirements of young infants. The second goal is to recommend possible ways in which these nutrient deficiencies can be overcome by supplementation of the mother and/or the infant.
Approach to the Review
The approach used in this chapter is as follows: (1) recommended intakes of micronutrients for infants during the first 6 months of life are compared among organizations; (2) the risk of specific micronutrients being inadequate is assessed by comparing their concentrations in milk of well and poorly nourished women, and noting any recorded signs of deficiency in their breastfed infants; (3) the size of the 'gap' is estimated between recommended intakes of these micronutrients, and the amounts that may be provided by the breast milk of undernourished women, and (4) different intervention approaches are discussed that could increase the delivery of micronutrients for which the young infant and the lactating mother are at risk of deficiency.
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Recommended Intakes of Micronutrients during the First 6 Months of Life
Three sets of data were examined to compare values for recommended nutrient intakes of infants during the first 6 months of life. These were the dietary reference intakes of the United States and Canada [5] , the dietary reference values of the United Kingdom [6] , and the recommended nutrient intakes of the FAO/WHO [7] .
Recommendations for infants during their first year of life are usually based on the amount of each micronutrient that is consumed in breast milk by wellnourished babies fed by well-nourished mothers. In the US and Canada these values are called adequate intakes (AIs), which are the observed intakes of healthy well-nourished individuals. The AI is set when there is insufficient data on which to base an estimated average requirement (EAR) or subsequently a Recommended Dietary Allowance (RDA) (usually calculated as the EAR plus about 15-20%). In the UK these values are called recommended nutrient intakes for this age group (rather than dietary reference values set for adults) in recognition of this same issue. The FAO/WHO use the term 'recommended nutrient intakes' for all age groups including young infants.
For the second 6 months of life, recommended intakes are based primarily on an estimated average breast milk volume of 600 ml/day and published usual intakes of the nutrient from complementary weaning foods, or extrapolated from younger infants with adjustment for body weight. Some of the recommended intakes for the second 6 months of life are substantially higher than those recommended for age 1-2 years. In general, the AI estimates of recommended intakes during the first year of life probably exceed actual requirements, perhaps substantially in some cases, except for a few nutrients for which requirements are calculated using the factorial approach, notably iron and zinc.
The three sets of recommended intakes are presented in table 1. Only the UK provides separate values for ages 0-3 and 4-6 months. The US-Canada and FAO/WHO committees decided that this was not possible due to a lack of information.
During the first 6 months, recommendations that differ the most across organizations are those for folate (range 50-80 g), ascorbic acid (25-40 mg), calcium (210-525 mg), iron (0.27-1.4 mg), magnesium (26-60 mg), phosphorus (100-400 mg), selenium (6-15 g) and zinc (1.1-4.0 mg). In general, for mineral recommendations the UK tends to fall in the higher end of the range and FAO/WHO at the lower end. For vitamins, there is no trend of higher or lower values across the organizations. This reflects the fact that the FAO/WHO uses values for breast milk vitamin concentrations similar to those in wellnourished populations.
Differences in recommended values among the organizations can be explained by differences in the estimates of the average nutrient composition Micronutrient Adequacy in Diets of Young Infants AI ϭ Adequate intake; DRV ϭ dietary reference value; RNI ϭ recommended nutrient intake; DFE ϭ dietary folate equivalents (g DFE ϭ g food folate ϩ (1.7 ϫ g synthetic folic acid)); NE ϭ niacin equivalents (60 tryptophan:1 niacin), preformed niacin; RAE ϭ retinol activity equivalents, the contribution of carotenoids in milk is not considered; ␣-TE ϭ ␣-tocopherol equivalents. 1 According to the FAO/WHO, full-term newborn infants have sufficient iron stores (250-300 mg or 75 mg/kg) to meet iron requirements for the first 6 months, so there is no need to define dietary iron requirements during this period. However, preterm and low birth weight infants require additional iron starting at age 2 months. of the milk, and the volume of milk consumed. For example, the estimated average milk volumes consumed by infants aged 0-6 months were 850 ml/day in the UK, 780 ml/day by the US-Canada group, and 750 ml/day by the FAO/WHO. The volumes assumed in the second 6 months were lower, in recognition of the initiation of complementary feeding. The US-Canada recommendations assume a milk volume of 600 ml/day for infants aged 7-12 months, based on reported intakes by infants aged less than 1 year.
Micronutrient Composition of Milk of Poorly Nourished Mothers
The processing and packaging of nutrients within human milk change over time as the infant matures. These changes in composition are most remarkable in the first weeks of lactation. For example, during the colostral period (the first week postpartum) the milk contains high amounts of protein and minerals, and an almost 10-fold higher concentration of carotenoids compared to mature milk [8] . Levels of fat and lactose begin to increase as proteins and minerals decrease towards the end of this period. Transitional milk is secreted from 7 to 21 days postpartum. Milk composition begins to stabilize after about 21 days postpartum. Comparison of milk composition across populations is complicated by inter-study differences in the postpartum stage of collection of milk samples, the method of collection, the sample numbers and volumes, and the analytical methods employed. Subjects virtually never are randomly selected so they are often not representative of the overall population. Nevertheless, examination of reported data on the micronutrient content of milk in developing countries reveals some fairly consistent patterns.
For the purpose of predicting the risk of specific micronutrient deficiencies in the breast-fed infant and lactating woman, we have proposed previously that individual micronutrients should be classified as group I or group II, depending on the relationship between maternal status or intake and its effect on the concentration of the nutrient in breast milk [9] (table 2) .
Group-I Micronutrients
Group I includes all the B vitamins, vitamin A, iodine, and selenium. It is the group of most interest and concern during lactation for the following reasons. First, inadequate maternal intake or stores cause low intakes to be secreted in breast milk, which can result in the infant becoming depleted and adversely affect its development. Second, the infant is at greatest risk of developing a deficiency of these micronutrients because only small quantities can be stored, and these stores are rapidly depleted. Third, maternal supplementation with these nutrients can increase their concentrations in breast milk, with potential benefit to the infant as well as the mother.
Micronutrient Adequacy in Diets of Young Infants Table 3 provides a summary of studies on group-I micronutrients, including reported low breast milk concentrations, any adverse consequences for the infants, and the effects of maternal supplementation on milk concentration and infant status. Table 3 expands on previous reviews [9, 10] . It is difficult to be certain that breast-feeding was truly exclusive in all of these studies, although it was usually reported as being the main mode of infant feeding. While the concentration of the micronutrients in breast milk is less likely to be affected by partial breast-feeding than the volume of milk produced, the early introduction of low-quality complementary foods could increase the risk of deficiency in the infant and exacerbate any adverse consequences of low milk nutrient concentrations.
Thiamin
Maternal thiamin deficiency rapidly and severely depletes the amount of thiamin in breast milk. The concentration in milk of well-nourished women is reportedly 0.22-0.38 mg/l [8, 11] . It is likely that both maternal deficiency during pregnancy and low amounts in breast milk are responsible for cases of infantile beriberi that have developed within a few weeks after birth, even when the mothers had no clinical symptoms of beriberi [8] . Because the fetal tissue uptake of thiamin is not substantial, it is especially important to ensure that adequate thiamin is provided in early life to infants born to poorly nourished mothers. Compared to the concentration of thiamin in the breast milk of well-nourished women used to set the AI (0.21 mg/l) [12] , lower concentrations of 0.11 mg/l in India and 0.16 mg/l in The Gambia have been reported [13] [14] [15] . In The Gambia, milk thiamin rose to 0.22 mg/l after maternal supplementation with a fortified tea and biscuit but it is not clear how much, if any, thiamin was provided [15] . One review stated that the mean breast milk thiamin in 8 studies in Western countries was 0.17 mg/l, compared to 0.15 mg/l in 6 studies in 3 developing countries (India, Kenya and The Gambia) [10] . Recently, thiamin deficiency has been reported to be highly prevalent Micronutrient Adequacy in Diets of Young Infants [15] and tea Gambia (no thiamin) n ϭ 120 B 2 Bates et al. [15] and tea Gambia (ϩ470 g B 2 ) n ϭ 120 B 6 Deodhar P 0.080 mg/l NA MMN supplement 0.160 vs. 0.080 mg/l NA et al. [13] (0.4-40 mg/day; (control) India dosage increased n ϭ 10 monthly ϫ 8 months) Heiskanen W, 7-9% low NA 6-9% low B 6 54% supplemented NA 33% had ↓ B 6 status et al. [29] plasma B 6 at at 6 months during pregnancy, by 6 months. Slower Finland 6 months ϳ1. [15] and tea Gambia (1,250 g/day VA) n ϭ 120 Rice et al. [92] P, 54% low liver 1.2 mol/l at 93% controls had 200,000 IU retinol 1.2 mol/l at No ↑ liver retinol at Bangladesh retinol at 3 months, low liver retinol 7.8 mg ␤-carotene 3 months, 0.8 at 6 months n ϭ 73, placebo 3 months, falling 0.85 at 6 months. at 6 months 6 months (NS from n ϭ 73, to 18% after Low in Ͼ50% controls at 6 months) ␤-carotene supplement n ϭ 74, VA Roy et al. [93] P, 1. EGRAC ϭ Erythrocyte glutathione reductase activity coefficient; ETKA ϭ erythrocyte transketolase activity; G ϭ pregnant, L ϭ Lactating, NL ϭ non-lactating; GSH-Px ϭ glutathione peroxidase; MMA ϭ methylmalonic acid; MMN ϭ multiple micronutrient; O ϭ omnivore; P ϭ poorly-nourished, W ϭ well-nourished; PLP ϭ pyridoxal phosphate; S ϭ significant; NA ϭ not measured or reported; NS ϭ nonsignificant; T ϭ term; PT ϭ preterm; VA ϭ vitamin A; V ϭ vegan; ↑ ϭ elevated, ↓ ϭ low. 1 Calculation using volume of milk consumed based on data by Whitehead and Paul [66] . 2 Dry/rainy season.
(around 60%) in a Karen refugee camp on the Thai-Burmese border, where local diets are sustained with highly polished rice, fermented fish, and tea leaves [16] . These foods are either a poor source of thiamin or contain antithiamin factors, i.e. thiaminase and tannin, which limit thiamin bioavailability. Supplementation with 100 mg thiamin hydrochloride daily was instigated during late pregnancy for those Karen women showing symptoms of deficiency. Breast milk concentrations were 0.128 mg/l in the supplemented mothers (n ϭ 7), and 0.117 mg/l in the nonsupplemented group (n ϭ 9) at 3 months postpartum. These values were not significantly different but this might have been due to the fact that maternal supplementation had stopped 3 months previously, and the sample size was so small. Maternal supplementation in pregnancy did improve the infants' visual alertness score and head lag score at birth (23/group) suggesting that neonatal thiamin status may have improved.
Riboflavin
Riboflavin deficiency is likely to be common where the intake of animal products is low, and highly milled grain is the dietary staple. The mean concentration of riboflavin in milk produced by well-nourished mothers is about 0.350-0.485 mg/l [8, 11] . There are few data on the prevalence of riboflavin deficiency in developing countries, but those in which deficiency has been reported to be prevalent include areas of Thailand, Central America, Mexico, China, the former Yugoslavia, and some regions in Africa. In Nepal, we found a 64-87% prevalence of riboflavin deficiency (erythrocyte glutathione reductase activity coefficient (EGRAC) Ͼ1.4 and/or erythrocyte riboflavin Ͻ170 nmol/l) in a pregnant cohort reporting night blindness, and 51% prevalence in lactating women 1-6 months postpartum (unpublished data). In peri-urban Guatemala, we observed that 77% of women had low erythrocyte riboflavin concentrations at 4 months postpartum, and supplementation with 5 mg of riboflavin, 3 days/week for 2 months eliminated the deficiency and improved the efficacy of iron supplements (unpublished data).
Compared to the 0.35-mg/l value for well-nourished women [17] , lower concentrations of riboflavin in milk have been reported in developing countries, including: 0.20 mg/l in India where women consumed only 0.18 mg/day [13] ; 0.22 mg/l in low socioeconomic status women in East India [18] , and 0.16 mg/l in Gambian women whose diets contained 0.5 mg/day [19] . In the East Indian sample, 64% of the infants had an abnormal EGRAC at 0-6 months of age, as did 9% of their mothers. In The Gambia, daily supplementation of the mothers with 2 mg riboflavin for 3 months increased milk riboflavin to 0.23 mg/l [19] . Infants were born riboflavin deficient in The Gambia (based on adult EGRAC cutoffs) and remained so for the first 2 years of life unless provided with additional riboflavin. Provision of 0.15-0.20 mg/day in a weaning food supplement normalized riboflavin Micronutrient Adequacy in Diets of Young Infants status, but it became abnormal again soon after the supplement was withdrawn [20] .
Niacin
Substantial amounts of niacin can usually be synthesized from tryptophan (1 mg niacin from 60 mg tryptophan). Although human milk contains 210 mg tryptophan/l, the US-Canada recommendations assume that this tryptophan makes a relatively small contribution to the niacin requirements of young infants due to their high requirement for tryptophan for protein synthesis [17] . The AI for this age group is therefore based on only the preformed niacin in milk. Currently, the global prevalence of niacin deficiency is thought to be relatively low, but it would be valuable to know whether the niacin status of lactating women and their infants is adequate in regions where diets are based on maize untreated with lime, or on low protein starchy foods. In addition, deficiencies of riboflavin [21] , vitamin B 6 [22] and iron (which is needed for the conversion of tryptophan to niacin) could all contribute to niacin depletion, although the significance of these interactions for lactating women and their infants in developing countries is not clear.
Vitamin B 6
The vitamin B 6 content of human milk is dependent on maternal vitamin B 6 status and intake. Vitamin B 6 intakes of breast-fed infants mimic the vitamin B 6 intake of their mothers [23, 24] . The concentration in milk of well-nourished women is reportedly 0.13-0.24 mg/l [24, 25] . The US-Canada recommendations assume that the concentration of vitamin B 6 in breast milk from well-nourished women is 0.13 mg/l [17] . Countries in which lower breast milk concentrations of the vitamin have been reported include: Egypt (0.084 mg/l) [26] , Thailand [27, 28] and a poor population in India (0.08 mg/l, increasing to 0.16 mg/l when maternal intake was increased from 0.35 to 0.75 mg/day by a supplement) [13] . In The Gambia, milk concentrations of the vitamin were surprisingly normal, 0.12 mg/l, and did not rise with supplementation [15] .
Exclusively breast-fed infants in Finland reportedly became vitamin B 6 -deficient between 4 and 6 months of age, when 7 of 44 had an abnormal indicator of vitamin B 6 status. These 7 infants grew more slowly in length between age 6 and 9 months [29] . In a subsequent study, half of a larger group of women took vitamin B 6 supplements during pregnancy, and all took 1 mg pyridoxine hydrochloride daily during lactation. Before 4 months of lactation the infants had normal B 6 status. Then at 4 months, some of the infants had abnormal B 6 status indicators, but only in the group whose mothers had not been B 6 -supplemented during pregnancy [29] . Thus maternal vitamin B 6 status during pregnancy may be an important determinant of infant vitamin B 6 status in infancy, and breast milk may provide amounts of the vitamin only marginally adequate for exclusively breast-fed infants after 4-6 months of age, even in well-nourished populations.
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Vitamin B 12 Because animal source foods are the only dietary source of vitamin B 12 , populations consuming low amounts of animal products are at high risk of this vitamin deficiency. Data are accumulating that show a high prevalence of vitamin B 12 deficiency in developing countries, including Guatemala, Mexico, Nepal, and Kenya [30] . This would be of special concern during infancy because deficiency in young infants has been associated with slow growth and developmental delays, perhaps persisting until later life [31] . In Guatemalan infants aged 7-12 months (n ϭ 128), who were predominantly breast-fed, we found that 25% had marginal plasma B 12 concentrations (200-300 pg/ml) and an additional 36% had deficient concentrations (Ͻ200 pg/l; unpublished data). About one third of women in a nearby community had low or deficient plasma vitamin B 12 , and 12% of their infants had elevated urinary methylmalonic acid at 3 months of age [32] . Breast milk vitamin B 12 was low in 62% of rural Mexican women at 6-8 months of lactation and correlated strongly with maternal plasma concentrations of the vitamin [33] . Over half of the mothers had deficient or marginal plasma vitamin B 12 values. In Boston, women who had avoided animal products for only 4-5 years had lower breast milk vitamin B 12 concentrations [34] .
There are no population-based studies on the effect of maternal supplementation with vitamin B 12 on levels of the vitamin in breast milk, but in numerous case studies providing supplements to vegan women improved milk vitamin B 12 content [31] . Based on the rapid response of plasma vitamin B 12 to supplementation, and the strong association between milk and maternal plasma concentrations of the vitamin, supplementation of the mother should be effective for increasing breast milk vitamin B 12 .
Ascorbic Acid Ascorbic acid concentrations in breast milk vary strongly with the seasonal maternal intake of the vitamin in countries such as The Gambia where it increases from 25 mg/l in the low intake season to 40 mg/l in the high intake season [19] . However, even these lower milk concentrations of the vitamin should supply enough ascorbic acid to meet infant requirements [19] , and levels in milk increased only slightly when Gambian mothers were given a 40-mg/day supplement. Clearly much more information is needed about the ascorbic acid levels in breast milk in developing countries.
Vitamin A
The reported mean vitamin A content of breast milk ranges between 314 and 640 g/l. Recently we reviewed the vitamin A requirements of infants in the first 6 months of life [35] . Liver vitamin A stores are low at birth so that maternal status in pregnancy probably makes little difference to the amount accumulated by the fetus in utero. Clinical symptoms of deficiency rarely occur in breastfeeding infants during the first year of life; the prevalence of xerophthalmia was Micronutrient Adequacy in Diets of Young Infants only 0.6% in infants aged less than 1 year in Indonesia, but increased to 26% at 3 years of age [36] . However, there is no doubt that maternal vitamin A deficiency contributes to low concentrations of the vitamin in breast milk, and to subsequent depletion of the infant. The WHO advises that at least 300 g/l should be secreted in breast milk to enable some storage of the vitamin by the infant. Infants require about 125 g/day to prevent deficiency symptoms and 300 g/day to accumulate adequate liver stores [35] . The amount of breast milk consumed is the main determinant of the prevalence of vitamin A deficiency during the first year of life, even in populations with a high prevalence of this deficiency, because breast milk is relatively rich in the vitamin compared to most other foods that are usually fed to young infants.
Iodine
In a recent review of 57 studies in which the iodine concentration in breast milk was reported, the concentration ranged from about 9 to 32 g/l where the prevalence of goiter was high, from 13 to 18 g/l among women diagnosed with goiter, and above about 90 g/l where salt iodination is effective [37] . Breast milk should contain between 100 and 200 g/l iodine [37] and positive iodine balance is only achieved when intake is 15 g/kg/day in full-term infants and 30 g/kg/day in preterm infants [38] . Breast milk iodine concentrations parallel the maternal urinary iodine content. Thus iodine is definitely a group-I micronutrient and breast milk is very likely to be low in iodine if the mother is iodine depleted. In their chapter Delange will discuss neonatal iodine status in more detail.
Selenium
In certain regions of the world selenium deficiency is endemic, including Scandinavia, New Zealand, China, Korea, Japan and Siberia. Human milk selenium varies with selenium intake. In Finland, where selenium deficiency is endemic, maternal intakes of 30, 50 or 100 g/day resulted in mature milk selenium concentrations of 6, 11 or 14 g/l [38, 39] . Normal concentrations are considered to be about 18 g/l. However, there were no reported signs of selenium deficiency in infants consuming breast milk with the lower levels of selenium. Providing 100 g selenium/day as yeast-selenium increased the breast milk concentration significantly. Thus, selenium is a group-I nutrient, but more studies are needed to determine the efficacy of selenium supplements for lactating women and their infants in regions where selenium deficiency is endemic.
Group-II Micronutrients
Group-II micronutrients in breast milk have the following characteristics. Breast milk concentrations are not affected by maternal status, subsequently Micronutrient Adequacy in Diets of Young Infants there is less risk of maternal depletion or infant deficiency. In addition, maternal supplementation does not increase the levels of these micronutrients in breast milk.
Folate
The plasma folate concentrations of infants are directly proportional to levels in their mothers' milk, but folate concentrations in human milk are maintained regardless of maternal supplementation [40] . Breast milk folate remains unchanged when lactating women are fed diets low in folate, which indicates that the supply of folate to the infant takes precedence over maternal folate needs and that there is a physiologic mechanism by which folate is preferentially concentrated in milk [41] [42] [43] . In The Gambia, low red cell folate concentrations were reported in 35% of infants aged 3 months to 4 years, and were corrected by a 5-mg/day folic acid supplement [44] . There are no reports of folate-deficiency anemia occurring in breast-fed infants, even if their mother is deficient in the vitamin. An essentially zero prevalence of low plasma folate concentrations was reported in preschoolers in rural Mexico and in Guatemala, and in schoolchildren in Guatemala and Kenya [30] . Much of the variation in reported milk folate concentrations is likely to be due to differences in the analytical methods used [40, [45] [46] [47] [48] . In animal studies, iron deficiency reduces folate secretion into breast milk, but this has not been established to occur in human populations.
Iron and Copper
It is well documented that iron and copper concentrations in breast milk are not influenced by maternal undernutrition, or by the level of dietary intake, or supplementation with these nutrients [49] . The concentration of iron and copper in the milk of well-nourished women ranges from 0.2 to 0.9 and 0.1 to 0.6 mg/l, respectively [8] .
Breast milk probably contains an inadequate amount of iron to meet the requirements of infants. As reviewed elsewhere [4] , breast-fed infants use their iron reserves to subsidize their iron needs. One study in exclusively breast-fed infants showed that intakes were sufficient to balance excretion up to age 4 months [50] . Others reported that signs of iron depletion or anemia were absent up to at least 6 months [51, 52] or even 9-12 months [53] . This variability among studies is likely to be explained in part by maternal iron status during pregnancy, which is related to infant iron stores at birth [54] . Thus maternal iron supplementation during pregnancy may be an effective way to improve the iron status of the young infant, although maternal supplementation during lactation does not increase the breast milk iron content.
Zinc
The breast milk concentration of zinc declines substantially from the first month and steadily as lactation continues [55] [56] [57] . A study in Spain [58] Micronutrient Adequacy in Diets of Young Infants reported lower milk zinc concentrations at 2 and 7 weeks postpartum in those women who had the lowest zinc intakes during their third trimester of pregnancy. Fifty-six percent (n ϭ 57) of women consuming Ͻ10 mg zinc/day had plasma zinc levels of Ͻ12.2 mol/l, and 8% secreted Ͻ11.5 mol/l of zinc in their milk. Low zinc intakes and bioavailability are presumed to be commonplace in developing countries although reports are inconsistent about whether this results in lower milk zinc concentrations. Studies from Egypt, The Gambia, Bangladesh, India, and the Amazon did find that low dietary zinc intake is associated with lower milk zinc [59] [60] [61] [62] [63] . This was also the conclusion of a comparative review of this question [64] .
Similar to the situation with iron, even the amounts of zinc in the breast milk of well-nourished mothers will not maintain zinc balance in the first 6 months of life. The zinc stores of the infant are drawn upon during this period. However, zinc supplementation of exclusively breast-fed infants in two studies in the United States did not affect their linear growth [64] . Studies examining the benefits of zinc supplementation during the breast-feeding period are ongoing in developing countries.
Breast Milk Intakes by Infants of Poorly Nourished Women
The volume of breast milk consumed is generally similar in developed and developing countries when strict methods of collection are maintained [65] . This is supported by two reviews that included data on breast milk volumes [4, 9] (table 4 ). The 1998 review of studies by Brown et al. [9] found the average breast milk volume of exclusively breast-fed infants in developing countries to be 714 g/day at 0-2 months and 784 g/day at 3-5 months. Comparative milk volumes consumed by exclusively breast-fed infants in industrialized countries were 710 g/day at 0-2 months and 787 g/day at 3-5 months.
Milk intakes of exclusively breast-fed infants range widely during the first 6 months of life, from 450 to 1,200 ml/day, averaging approximately 750-800 ml/day [65, 66] . Another estimate of milk production in healthy lactating women is approximately 830 Ϯ 195 ml [67] plus 10% to correct for evaporative water losses during infant weighing [68] . The potential for milk production is typically higher than the actual average intake of the infant [67, 69] . Several reviews have evaluated factors that may affect breast milk volume [70] [71] [72] [73] . In general, the variability in breast milk volume among exclusively breast-fed infants tends to depend on the size of the infant and its sucking strength. Whitehead et al. [74] found that Gambian mothers' long-term capacity for breast-milk production is determined by the end of the 2nd month of lactation, with yield correlating most strongly with the infant's birth weight, as well as parity, month of lactation, weight-for-age, season and maternal diet. Also in Gambian women, Prentice et al. [75] reported that neither breast milk Micronutrient Adequacy in Diets of Young Infants volume nor fat content were associated with the mothers' relative subcutaneous fat stores, or an energy supplement of 700 kcal/day. Taken together, and examining the data in table 4, these reports suggest that 780 g is a reasonable estimate of average daily intake in both developing and more industrialized countries. Intakes may be lower for smaller infants.
Estimated Deficits in Intake of Group-I Micronutrients by Breast-Fed Infants
Ideally, the prevalence of infants whose required intake of a nutrient is not being met by breast milk should be estimated as the proportion whose intake falls below the EAR [5] . The EAR is the intake that meets the requirements of 50% of healthy individuals in a population group and is based on data showing the level of intake that fails to meet the requirements of the other 50%. Unfortunately, due mainly to the ethical problem of not being able to study the effects of low intakes of nutrients in infants, there are few data on which an EAR could be derived for this age group. Another problem is that there are relatively few studies of the nutritional status of breast-feeding infants, especially in developing countries. Thus infant requirements are set as AIs, and it is not possible at this time to predict the prevalence of inadequate intakes of most micronutrients by young infants in undernourished populations.
Due to this limitation, the strategy used here is to estimate the probable intakes of micronutrients from breast milk produced by undernourished women, in the studies summarized in table 3. A value of 780 g (ml)/day was taken as the usual volume of milk consumed, as discussed above. The rationale for the concentrations of the nutrients in breast milk is explained in the table footnotes, although these estimates are based on few studies with many limitations (including imperfect methods of milk collection and analysis, nonrepresentative and small numbers of subjects, and probably not exclusive breast-feeding in many cases).
The 'gap' between actual intake and the recommended intake is then expressed as 'percent of the recommended intake' provided by breast milk (table 5). The intention here is to identify nutrients for which breast-fed infants are at most risk of not consuming recommended amounts.
As indicated in table 5, the percent of the AI for group-I nutrients by infants exclusively breast-fed by mothers deficient in these nutrients ranges from 6-23% for iodine to 80% for vitamin B 6 . A range of 25-55% is taken for vitamin B 12 , reflecting the uncertainty about the validity of the measured concentrations in breast milk across studies. The overall picture is that exclusively breast-fed infants whose mother's nutritional status is poor may consume substantially less than the AI for group-I nutrients. This is supported by the symptoms of deficiency in the infants noted in table 3. 
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Improving Infant Micronutrient Status by Maternal Supplementation
Based on the studies summarized in table 3, it is evident that supplementation with thiamin, riboflavin, vitamin B 6 , ascorbic acid and vitamin A increases the concentration of these nutrients in breast milk of women depleted in these nutrients. For most of these nutrients, milk concentrations, and infant status when reported, improved when approximately the women's daily recommended intakes of these nutrients were provided as a supplement. In addition, milk concentrations of vitamin B 12 and selenium are lower in deficient mothers, although there are no supplementation trials with these nutrients.
In populations consuming poor quality diets, especially those low in animal products, there is a considerable risk of these micronutrient deficiencies, although there are few data on their actual prevalence. Lactating women will be at especially high risk, following possible depletion during pregnancy and the continued secretion of these nutrients in breast milk even when the mother is depleted. Therefore, the benefits of maternal postpartum supplementation with these nutrients are likely to be high, and should be evaluated. Starting such supplementation during pregnancy and continuing postpartum is likely to be even more effective in the case of thiamin, riboflavin and vitamin B 12 , based on some evidence that stores at birth are affected by maternal status during pregnancy.
Kinetic analyses revealed that, in the WHO's Expanded Program in Immunization, postpartum vitamin A supplementation of the mother, and the subsequent increase in her retinol stores and breast milk vitamin A, provides a more constant and lasting supply of vitamin A to the infant than do high dose vitamin A supplements given to the infant [35] .
Mass fortification of staple foods with these micronutrients would be another approach to ensuring a constant supply to the pregnant and lactating woman. Targeting animal source foods to pregnant and lactating women should be a priority where this is feasible, as several of the problem nutrients identified in this review are found predominantly in these foods.
Supplementation of the Breast-Feeding Infant
If the concentration of group-I micronutrients in maternal milk can be increased to adequate levels through some combination of maternal supplementation, mass fortification, or improved dietary patterns, the only nutrients that would need to be provided in additional amounts to exclusively breast-fed infants in the first 6 months of life are iron, and possibly zinc. The WHO advises that iron supplements should be given after 6 months of age because breast milk cannot provide the amount of iron recommended.
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A comparative study of the benefits of iron supplementation for breast-fed infants in Honduras and Sweden showed that the hemoglobin response was not a useful indicator of iron depletion under 6 months of age, complicating our ability to interpret the effects of supplementation [Domellof et al., in press]. However, providing additional iron between 4 and 9 months was no more protective against iron deficiency at 9 months than starting the supplementation at 6 months [76] . More research is needed to evaluate the benefits of starting supplements before age 6 months. The iron requirements of low birth weight and preterm infants are even higher due to their low liver iron stores at birth and their faster postnatal growth; the WHO recommends that these infants be supplemented with iron from 2 months of age. The benefits of providing zinc supplements to breast-fed infants are being evaluated.
Vitamin A is given to young infants as high-dose supplements in the expanded program in immunization (50,000 IU at 6, 10 and 14 weeks). Kinetic analyses reveal that little of this is retained 3 months later [35] . The safety and benefits of substantially increasing the vitamin A dosage provided to the mother postpartum and doubling the dose to the infant (to 100,000 IU at 6, 10 and 14 weeks) are currently being tested.
It is not a trivial matter to achieve consistent micronutrient supplementation of breast-feeding infants. Currently there are no iron tablets available from organizations such as UNICEF that provide the amount recommended for young infants. The manufacture of such a supplement was recommended in a recent international consultation. Liquid iron supplements are available. Because young infants are becoming deficient in multiple micronutrients by age 6 months in areas where mothers have poor nutritional status [77] , the question then arises of how to supply multiple micronutrients to young infants. Strategies under consideration, and being evaluated for infants consuming some complementary foods (ideally after 6 months of age), include: multinutrient 'sprinkles' that can be added to food or beverages [78] ; a peanut-based spread fortified with micronutrients [79] , and a milk-based multiple micronutrient 'foodlet' tablet that can be crushed and given to the infant in food or a beverage, or placed in the infant's mouth to dissolve [80] . Of these possible strategies, only the foodlet, or iron drops, can be considered for infants who are not yet consuming complementary foods.
Meeting the Micronutrient Requirements of Infants Fed Complementary Foods before 6 Months of Age
The reality that many infants are not exclusively breast-fed until 6 months of age, and are often breast-fed for a much shorter time, is typically approached through the policy of providing education and resources to encourage women to breast-feed longer. This is certainly the most appropriate strategy.
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Nevertheless, there need to be options that will support the nutrition and development of infants whose mothers are either unable to or have decided not to breast-feed. Properly prepared infant formulas are the best option based on their nutrient content, but these products are not affordable for many parents and have created many other well-documented difficulties in developing countries. There is much to be learned about the feasibility of alternative approaches to meeting the nutrient needs of the young infant who is deprived of breast milk and the usual breast milk substitutes. Some of these are being tested in ongoing efforts to provide alternative foods ('replacement feeding') to infants born to mothers with HIV-AIDS. Promotion of exclusive, or at least continued, breast-feeding, obtaining a better understanding of the micronutrient needs of lactating women and of young infants, and testing the efficacy and effectiveness of different approaches to supply these micronutrients, should be viewed as complementary and synergistic activities that ensure the micronutrient adequacy of young infants and their mothers.
Discussion
Dr. Pettifor: You mentioned that the main biochemical evidence of deficiency was low levels. Do you have any evidence of the clinical effects of these vitamin or micronutrient deficiencies in the first 6 months?
Dr. Allen: What do you call clinical effects, external lesions? Dr. Pettifor: Evidence that in fact those children who are deficient behave or are different, grow differently from controls who are micronutrient-supplemented for instance.
Dr. Allen: In some cases, yes. If you take even the Finnish data on B 6 , those infants with indicators of deficiency grew more slowly [1] . Low milk thiamin is associated with infantile beriberi and, in the study by McGready et al. [2] , with less visual alertness. For riboflavin, the erythrocyte glutathione reductase activity coefficient values were very different in the infants whose mothers had low breast milk riboflavin, and in fact indicated deficiency in most infants, but we don't know the functional consequences of this deficiency. In the case of vitamin B 12 deficiency, the macrobiotic infants in the Netherlands clearly had developmental problems that were associated with the biochemical evidence of B 12 deficiency. So I would say the data are not as clear as we would like, but honestly I don't think anybody has looked hard at any of these issues. Regarding vitamin D, as you know in Paris there were even infants born at the end of winter, and breast-fed, who had clinical signs of vitamin D deficiency. So you should imagine for every single one of them, there is at least one or more cases, but I can't say there is much literature on it.
Dr. Pettifor: No, the question I am asking is whether there is any evidence that growth faltering occurring in the latter part of the first 6 months might be related to micronutrient deficiencies? Dr. Allen: I can only think of B 6 as an example, I am not sure it is a very fair question though. The same mothers that were feeding these babies were also deficient during pregnancy. What we do know is that trying to reverse these deficiencies through complementary feeding, and expecting the children to grow more, has proved exceedingly difficult. A review of all the complementary feeding interventions shows it is very difficult to actually increase growth at that period of time, so I think we are looking at the continuum here and it is a mistake to chop things up in small periods of time and ask just that question. I think that these children have had a gradual or a Micronutrient Adequacy in Diets of Young Infants constant depletion going on, and it is very hard, in fact, to isolate the effects from lactation, from pregnancy and so on. So I say there is a little bit of evidence but not a terrific amount, and neither would I just be worried about growth faltering. I would be worried about all of the other issues, that is brain development, iron status and immune function and everything else.
Dr. Verhoef: I would like to add that there was also a study from Tanzania a few years ago by Menendez [3] showing that when iron was supplemented in the first half year of life, between 8 and 24 months, there would be a 30% reduction in the incidence of severe anemia in malaria. So that is certainly a strong indication that a lot of infants are actually iron-deficient in that part for the world.
Dr. El Hodhod: Some of the vitamins are photosensitive and in studies on neonates treated with phototherapy, riboflavin was affected. Do you think sun exposure with its photosensitive effect on food or infants might have an influence on the serum level of these vitamins, not only the dietary intake?
Dr. Allen: I did not quite understand your question. Dr. El Hodhod: Do you think that photosensitivity might be a factor for achieving adequate vitamin intake, not only the dietary content of the foods?
Dr. Allen: Of achieving adequate intake? What I am aware of is that the riboflavin is destroyed.
Dr. El Hodhod: Yes, some of these vitamins might be destroyed by sun exposure. Dr. Allen: I don't know if I can answer that question. The thing about breast milk is that it is protective against those sorts of problems. Does anybody else have a suggestion about that?
Dr. El Hodhod: In the neonatal period it was assessed and we demonstrated that B 6 and riboflavin were diminished to 60% of their levels before phototherapy.
Dr. Allen: I know Dr. Bates has written something on the changes in riboflavin. Dr. Bates: Yes, as you mentioned, we certainly found that phototherapy used to reduce high bilirubin levels in premature infants does have an effect on riboflavin status. It apparently sufficiently destroys riboflavin to produce a significant abnormality in the glutathione reductase test for deficiency. Could it happen in an actual environment? I don't think I know of any evidence to show this. I would imagine that the loss of riboflavin for foods like milk is likely to be a much more serious problem in terms of the riboflavin contents of weaning and other supplementary foods, but I absolutely agree that there is some evidence that the actual exposure of the infants can have this kind of effect if it is at a very high level.
Dr. Al Hathlol: Can I make a more clinical comment about riboflavin? Ultimately even if riboflavin or TPN had an effect from the light, this is probably true from a theoretical point of view, but how much effect is there on the clinical outcome of those babies? We know that most of the time, despite using TPN, the ultimate outcome is usually a decrement in the incidence of cholestasis, and ultimately cholestasis will disappear with time, regardless of whether these micronutrients will be affected by light or not. I guess from a clinical point of view this is only theoretical.
Dr. Abu Libdeh: I have two questions. When you mentioned the recommendation at the end, it sounded as if you are recommending that all pregnant women should be supplemented with vitamin B complex throughout pregnancy. Is it just dietary supplementation or adding multivitamin tablets, like taking multivitamin pills? The second question is, you mentioned in your lecture that adding solid foods during the first 6 months of life is contraindicated. Is it really contraindicated or can we just say it is not indicated? Because in the Middle-East, and I think this is a common cultural problem, people start negotiating with you about adding supplementary foods starting at 1 or 2 months of age -the mother starts negotiating that she will add something and it is very difficult to convince her to wait until the infant is 4 months of age.
So what is the problem with adding supplementary foods at 4 months of age? Is it going to adversely affect the baby or has it no benefit for the baby?
Dr. Allen: Let me take the first question first. I am not recommending that all pregnant women get multiple vitamins with vitamin B as a multiple micronutrient supplement. Ideally one should know the vitamin B status of the population, the whole vitamin picture. In practice of course you don't know that. My own personal opinion is that yes, pregnant women should be given multiple micronutrient supplements, and I would also worry about the lactating woman who is getting depleted and on whom her infant depends. The trials testing the effects of multiple micronutrients in pregnancy are still ongoing. Theoretically it makes complete sense and I believe none of these B vitamins is harmful. It has been tested by UNICEF and WHO and many different organizations, and many of the people in this room are actually doing the trials so they might want to talk about this. The other issue is, is early weaning contraindicated? The World Health Assembly says that it is contraindicated to introduce foods sooner, mostly because of the risk of contamination if the infants are not fed clean formula due to contaminated water. Not even water is supposed to be given during the first 6 months of life because of this contamination risk, the effect on reducing breast milk production (the more other food is fed, breast milk production will go down), and because in many situations the foods that are introduced to replace breast milk are of lower nutritional value than breast milk itself. There are a lot of other reasons too but those figure among some of the main arguments that this is actually contraindicated as a practice.
Dr. Sazawal: I was actually trying to expand and comment about the response on the issue of the effects on growth, and conceptually I guess that refers to a lot of nutrients. We need to differentiate between a cause and relationship and a reversible cause and relationship. A certain nutrient can be deficient at a certain window of time and even when that nutrient is provided at another window of time, we are not able to reverse the deficiency. That is also my view about growth because growth is something that gets fixated much earlier on and that is why by using complementary feeding or supplements later on we may not have an effect, but that does not say that these deficiencies are not causal in the low birth weight or growth faltering that we see in some populations. So as long as we keep in mind that these deficiencies can have windows of opportunities, and cause changes in either the immune system or even the patterns of growth or hormonal systems, which may not be reversible at a later time.
Dr. Allen: I absolutely agree, and one problem at present is that we are going about answering this question in different ways: some of us are supplementing with one micronutrient, some with multiples of different kinds, some are doing it in pregnancy, some are doing it during lactation, some are giving them directly to young infants, and a few are measuring the mechanisms or functional outcomes. I think in 10 years we might be further behind where we are now and I am quite alarmed about the whole picture at the moment.
Dr. Delange: I would just like to suggest that you could complete your very nice table at the end of your lecture on the micronutrients of group 1 as you call them, which could be used for supplementation during lactation and the young infants themselves. I think that for iodine 3 times plus could be added to the columns of supplementation of lactating women and supplementation of young infants. For lactating women the point is that these 2 groups, pregnant lactating women and young infants, usually do not have access to the food fortification most commonly used, which is iodized salt, because they are recommended to limit their salt intake and consequently they will limit the iodine intake through iodized salt. So they have to be supplemented. The positive point is that, with the thyroid gland and the stomach, the breast shares the capacity to actively concentrate iodine, so when you supplement lactating women the iodine content of breast milk rapidly increases. Of course the same goes for the babies who need to restore their iodine pools within the thyroid gland. So there is no doubt that it is possible and strongly recommended to supplement these 2 age groups. Now how to do that. It is not that easy to organize on public scale and I shall put this as a question mark for future research, and what a benefit can be expected, not for the lactating women, but for the brains of the babies.
Dr. Al Frayh: Just coming back to the point that was mentioned regarding early introduction of complementary foods being indicated or contraindicated. In addition to the points which were mentioned by the speaker I think one of the most important points that should be considered by pediatricians is that there is no milk better balanced than the breast milk of a healthy mother. The second point is that the early introduction of formula or supplemented food, whatever the its source, is connected with an increasing risk of developing allergy. I would like to remind the audience that in a recent publication of the European Academy of Allergy and Clinical Immunology this year in a meeting in Naples, allergy has been declared as one of the diseases within the European Union framework to be added to cardiovascular diseases, AIDS and cancer, so allergy is the fourth disease. In Europe, 1 of 4 children has a potential risk of developing allergy. So the earlier you introduce a formula or additional food in certain groups of infants who have a predisposition to allergy, the more in fact you increase the risk of manifestation of the disease.
Dr. Al Saeid: I heard the suggestion that there is a window of opportunity for most of these elements, and I wonder if there is any solid evidence for that apart from perhaps iron deficiency, whereby children who develop iron deficiency might develop learning problems that affect their intellect. Is there any solid evidence for other nutrients?
Dr. Allen: In terms of long-term functional problems you mean? Very little. For the B 12 data I do think that the main problem with the Dutch macrobiotic infants was probably B 12 deficiency, although there were other nutrient deficiencies there. Those children who had the biggest B 12 deficiency problems in the first year or 2 of life, but whose parents were encouraged to feed them a mixed diet afterwards and during adolescence, still had some signs of B 12 deficiency and also had abnormal learning behavior. So for B 12 there is some, for the others I don't think there is any evidence and neither has it been looked for. For vitamin A I don't think we know, do we? The critical thing is morbidity and mortality during early life.
Dr. Sazawal: At least for zinc, there is a set of elegant experiments which demonstrate that, even in a controlled condition, the elimination of one element in a certain period of time can have consequences on the development of the fetus.
Dr. Osinusi: I was intrigued by the presentation on the effect of vitamin A supplementation for children. In countries where this problem is of public health significance a lot of funds and energy have been put into giving this supplementation and from what has been seen it is very useful. Do you have any information on the effect of prenatal supplementation to mothers on the level of vitamin A in breast milk postnatally, and does that have an impact on the babies who are breast-fed?
Dr. Allen: We have just been part of the process of reviewing the present Expanded Program in Immunisation and the doses that are recommended. We believe that those doses aren't high enough and don't last long enough, and that is why at the moment there is a trial to double the doses and also to give more to the mother immediately postpartum which should increase the amounts in their breast milk, and hopefully this will be more effective than the current dosing schedule. The question is are there any studies that give vitamin A during pregnancy and then later during development?
There are of course limits due to toxicity during pregnancy so that lower doses are used. Can you think of any keys for looking at that? Presumably the question is, does it improve maternal stores and therefore the amounts secreted in breast milk?
Dr. West: The quick answer is: come at 2 o'clock this afternoon because I will address some outcomes relating to antenatal supplementation with vitamin A and ␤-carotene.
Dr. Al Hathlol: Thank you for this interesting presentation that has actually stimulated a lot of questions. Blood transfusion is a relatively common practice in neonatology, so those babies will have a lot of additional iron probably in their basic stores. Do you think that supplementation of iron to them beyond the 2nd month of life will be necessary, and is there a study that correlates this probably relative increment in iron stores, by transfusion, and the need for additional iron later in life?
Dr. Allen: I don't know anything about the effect of transfusion on later outcome. I would assume that it supplies the young infant with a great deal of iron. Dr. Zlotkin, can you comment on that?
Dr. Zlotkin: I think it is an excellent question. As far as I know there are no good data. There is a multicenter trial going on as we speak in Canada, looking at the effect of transfusion in the newborn period on iron and hematologic status for the next year of life. So there may be an answer within the next 6-12 months, but as far as I know now there are no data.
Dr. Beard: We have completed a study in premature infants looking exactly at this whole issue of transfusion and iron overload. I think that your answer is correct that the infants end up with an iron overload condition due to the very rapid rate of red cell destruction and the failure of hepatocytes and parenchymal cells to be able to mobilize iron very well. So it is an iron overload, not an iron deficiency scenario.
Dr. Allen: One other comment, in this period of life letting the placenta drain into the young infant when it is born gives them a larger amount of iron to start life with than just early clamping of the cord.
Dr. Christian: My question is related to your recommendation regarding direct supplementation with iron and possibly zinc at around 2 months of life in low birth weight infants. In countries where the prevalence of low birth weight infants tends to be very high and where birth takes place in households and homes and not in a health facility, it would be a challenge to target such infants. The more recent data show that maternal anemia during pregnancy may be more predictive of poor iron status and anemia in infancy rather than low birth weight. I would like your comments.
Dr. Allen: If you have both maternal deficiency and low birth weight, those two interact to make it much more certain that the young infant is going to be deficient. Yes that sort of discussion, even the WHO recommendation, seems a very reasonable one but in reality there are hardly any countries in the world that are actually effectively supplementing such infants. There is not even a supplement that is available for them to do that. We were just at a meeting where one of the primary recommendations was that at least a supplement containing the right amount of iron should be available. So we are very far from a practical answer. I suppose the answer is going to be something like what usually happens, saying that if the prevalence of low birth weight in a population is above x% then routinely those infants should be supplemented because whether or not they are preterm, which would also make a difference, is not usually known, and then low birth weight is a complication too. So we are very far from applying a lot these recommendations. To do something about it in pregnancy, or through delayed cord clamping at birth, it is probably much more effective than trying to do something about it in the first 6 months.
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